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Cure  Characterization  of  Bisphenol  A  Dicyanate  Ester  by 
Fluorescence,  UV  and  FTIR  spectroscopy 


Y.  Eugene  Xu  and  Chong  Sook  P.  Sung 
Institute  of  Materials  Science.  University  of  Connecticut 
Storrs,  CT  06269-3136 


INTRODUCTION 

Dicyanate  ester  resins  are  a  relatively  new  class  of  high 
performance  materials  used  in  electronic  and  composite  applications. 
Because  of  their  thermal  stability,  low  dielectric  loss,  high  toughness  and 
good  adhesion,  they  have  received  intensive  commercial  and  scientific 
attraction  recently  [1,2]. 

Many  characterization  techniques  such  as  FTIR  [3].  DSC  [4],  TBA 
[5],  NMR  [6]  and  HPLC  [7)  have  been  applied  to  understand  the  cure 
kinetics  and  mechanisms.  Curing  is  known  to  reach  a  full  conversion  after 
higher  temperature  cure.  The  reaction  is  known  to  be  very  sensitive  to 
impurities  and  catalysts.  For  example,  an  impurity  of  phenolic  OH  group 
due  to  the  synthesis  of  monomer  is  speculated  to  form  an  imidocarbonate. 
The  intermediate  can  react  with  two  OCN  groups  to  generate  the  stable 
triazine  ring  and  release  the  phenolic  group. 

Despite  substantial  efforts,  the  cure  chemistry'  is  not  well 
understood.  If  one  assumes  a  dendrite  growth  model  for  trimerization.  the 
maximum  cyanate  conversion  is  predicted  to  be  only  75%.  In  order  to 
account  for  an  almost  complete  reaction  (>98%).  Fang  has  recently 
proposed  the  presence  of  intramolecular  oligomers  [8).  The  presence  of 
reactive  dimer  was  proposed,  since  probability  of  three  cyanate  groups  to 
simultaneously  merge  is  relatively  small.  Side  reactions  leading  to  linear 
cyanate  oligomer  formation  are  suspected  during  cure. 

Because  the  physical  and  chemical  properties  of  thermosets  depend 
on  their  cure  states,  it  is  desirable  to  obtain  the  information  that  describes 
the  network  structure.  Spectroscopic  methods  have  been  proven  to  be 
convenient  and  powerful  tools  to  characterize  cure  reactions  and  probe 
reaction  mechanisms  [9,10].  In  this  work,  we  present  fluorescence.  UV 
and  FTIR  spectroscopic  investigation  of  cure  chemistry  of  bisphenol  A 
dicyanate  ester. 


EXPERIMENTAL 

Materials  Bisphenol  A  dicyanate  ester  (BPADCY)  with  purity  of 
99.5%  was  supplied  by  Ciba-Geigy  Corporation.  BPADCY  was 
recrystallized  in  acetone  three  times  before  use.  To  compare  cure  kinetics, 
unpu rified  BPADCY,  purified  BPADCY,  and  purified  BPADCY 
containing  2.4%  bisphenol  A  (BPA)  were  investigated,  since  phenolic  type 
impurity  is  expected  to  be  present  in  BPADCY  [11]. 

Sample  preparation  For  UV-Vis  and  fluorescence  work,  BPADCY 
was  melted  between  two  quartz  plates  for  3  minutes  at  100  °C.  and  then 
cured  in  argon  a.  200  °C.  Samples  were  removed  from  the  oven  at  certain 
time  intervals  and  the  spectra  were  recorded  at  room  temperature  using  a 
Perkin  Elmer  Lambda  6  UV-Vis  spectrometer  and  a  Perkin  Elmer  LS50B 
luminescence  spectrophotometer.  For  FTIR  monitoring,  BPADCY  was 
melted  between  two  NaCl  disks  for  3  minutes  at  100  °C.  and  then  cured  in 
argon  at  200  °C.  FTIR  spectra  were  obtained  both  in  situ  and  at  room 
temperature  using  Mattson  Cygnus  100  FTIR  spectrometer. 


RESULTS  AND  DISCUSSION 

The  polymerization  of  BPADCY  monomer  is  depicted  in  Scheme 

1.  Polycyclotrimerization  to  form  triazine  rings  is  believed  to  be  the  main 
curing  reaction. 

Cure  kinetics  investigation  by  FTIR  in  argon  was  carried  out  at 
160,  200  and  240  °C.  Cyanate  conversion  can  be  calculated  by  OCN 


stretchine  at  2270  cm  with  CH  valence  band  at  2070  cm  a>  an  internal 
standard'  Figure  I  shows  cyanate  conversion  measured  msm  *a 
funcuon  of  cure  time  for  unpunficd.  punfied  and  ~4«r  BPA  added 
BPADCY  systems  under  an  argon  atmosphere,  li  is  very  ohsious  that  the 
curing  is  slower  for  the  purified  system  than  the  unpurified  system.  Adding 
BPA  accelerates  the  reaction  greatly  as  expected. 

Figure  2  shows  the  changes  in  ambient  fluorescence  emission 
following  cure  of  purified  BPADCY  at  200  °C  in  argon.  A  very  strong 
fluorescence  emission  was  observed.  Excitation  and  emission  peak 
appeared  approximately  at  280  and  430  nm.  respectively.  The  peak 
intensity  initially  increased  and  then  decreased:  at  the  same  time  .he  peak 
maxima  in  the  spectra  underwent  a  small  red  shift  with  cure  time  The 
shape  of  the  spectra  implies  that  there  may  be  more  than  one  type  ot 
fluorophore  involved  at  later  stage  of  cure.  Both  punfied  BPADO  with 
added  BPA  and  unpurified  BPADCY  systems  showed  similar  fluorescence 
results  with  emission  maxima  at  430  nm  as  the  punfied  monomer 
following  cure  at  200  °C.  BPA  has  an  emission  at  300  nm  which 
decreased  with  cure  time.  Therefore,  the  observed  emission  at  longer 
wavelength  is  not  due  to  BPA.  Fluorescence  intenstly  changes  as  a 
function  of  cure  time  are  shown  in  Figure  3  for  all  three  cases.  Again.  BPA 
added  monomer  reached  the  maximum  fastest,  followed  by  unpurified 
BPADCY.  Purified  monomer  was  slowest  as  in  FTIR  results 

These  results  indicate  that  fluorescent  species  are  involved  during 
polymerization  of  dievanate  ester  resin.  However,  the  question  remains  as 
to  their  origins  on  a  molecular  level.  Experiments  in  argon  and  turthcr 
purification  of  BPADCY  suggest  that  the  fluorescence  is  likely  to  come 
from  cure  species,  and  not  from  impurities,  air  oxidation  or  moisture 
induced  hydrolysis.  One  possible  origin  of  the  fluorescence  is  J-triazmc 
rings  which  are  formed  dunng  polymerization.  While  j-tnazine  itself  has 
been  reported  to  have  little  fluorescence  or  phosphorescence  emission 
[12.13],  substituted  triazine  ring  may  exhibit  fluorescence  emission  as  in 
cured  dicyanate  resin.  Another  possibility  is  the  formation  of  fluorescent 
intermediates  and  their  subsequent  consumption  for  the  observed 
fluorescence  behavior. 

UV-Vis  cure  characterization  of  BPADCY  at  200  °C  in  air  is 
illustrated  in  Figure  4.  The  resolution  at  low  wavelength  was  lost  as  the 
reaction  proceeded,  but  absorption  at  340  nm  increased  during 
polymerization.  Experiment  in  argon  showed  that  this  absorption  is  not 
due  to  oxidation.  The  identification  of  the  absorption  at  340  nm  is  in  the 
process. 

Due  to  the  energy  difference  between  singlet  and  triplet  states, 
compounds  with  the  lowest  transition  of  n-JT*.  such  as  .r-triazine.  should 
prefer  an  intersystem  crossing  transition.  Therefore,  moderate 
phosphorescence  is  expected  for  dicyanate  ester  polymers. 
Phosphorescence  emission  was  detected  for  BPADCY  polymer  as  shown 
in  Figure  1  (spectrum  9).  Phosphorescence  emission  maximum  at  480  nm 
occurs  at  a  much  longer  wavelength  than  the  430  nm  emission  maximum 
in  fluorescence. 

A  series  of  substituted  triazine  compounds  arc  under  study  to 
identify  the  origin  of  fluorescence  and  phosphorescence  emission  and  the 
UV  changes. 
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Scheme  1.  Polycyclotnmenzation  of  BPADCY  monomer 
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Figure  1 .  FTER  in  situ  cure  kinetics  of  BPADCY 
during  cure  at  200  °C  in  argon 
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Figure  2.  Ambient  fluorescence  emission  spectra  of  purified 
BPADCY  during  cure  at  200  °C  (excited  at  280  nm) 
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Figure  3.  Fluorescence  emission  intensity  at  430  nm  as  a  function  of  cure 
time  for  BPADCY  resins  following  cure  at  200  °C  (excited  at  280  nm) 
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Figure  4.  UV-Vis  transmission  spectra  of  unpurified  BPADCY 
during  cure  in  air  at  200  °C 


